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Calcium is a critical mineral crucial to bone formation, muscle contraction, nerve impulse 

transmission, and enzyme function. Low calcium consumption is a chronic public health 

problem, especially in groups with poor access to dairy foods or calcium-enriched diets. 

Objectives: To determine the calcium content of a forti�ed food cocktail containing calcium-

forti�ed biscuits and commercial dry milk powder by using Atomic Absorption Spectroscopy 

(AAS) as the analytical tool. Methods: These selected samples (biscuits, dry milk, individual 

ingredients of biscuits) were homogenized and processed with wet acid digestion, followed by 

analysis on atomic absorption spectrophotometry as per the standard protocols. Calcium 

content of forti�ed biscuits was also estimated from its ingredients for comparison was also 

AAS. Results: Dry milk had the maximum calcium content, followed by the calcium forti�ed 

biscuits. As expected, calcium non-forti�ed biscuits had the least calcium content. The 

composite beverage, made from an equal ratio of calcium forti�ed milk and calcium forti�ed 

biscuits, provided a mean calcium content of 545 ± 19 mg/100g, representing over 50% of the 

Recommended Daily Allowance (RDA) for children and adults in a single 100 g serving. Calcium 

contents calculated and measured on AAS were comparable. Conclusion: Food forti�cation 

practices are an effective method, and calcium forti�ed biscuits and dry milk samples analyzed 

in this study have calcium levels enough to be in targeted clinical trials as calcium-forti�ed 

dietary interventions, particularly in nutritionally at-risk groups.

Calcium is a vital macro-mineral and plays a basic function 
in many physiological processes of the human body [1]. It is 
most well-known for its vital role in the development and 
upholding of healthy teeth and bones, and making up 
around 99% of the total calcium in the body. In addition to 
its structural role, calcium is a constituent of numerous 
metabolic processes, such as muscle contraction, 
coagulation of blood, conduction of nerve impulses, and 
regulation of many enzymatic events. Its presence within 
intracellular pathways emphasizes its role in homeostasis 
[2]. But a lack of calcium in the diet continues to be a major 
public health issue worldwide, especially in vulnerable 
populations like children, pregnant women, the elderly, and 
those living in low-resource communities [3]. Long-term 

calcium de�ciency is very much linked with a heightened 
risk for the development of osteoporosis, a skeletal 
disorder that results from bones losing their density and an 
increased risk of fractures. It can also lead to other 
metabolic disorders l ike rickets in children and 
osteomalacia in adults [4]. To bridge this nutritional de�cit, 
food forti�cation has been shown as an economic and 
environmentally friendly option [5]. Forti�cation of 
commonly consumed foods with calcium can provide 
enough mineral supply to various populations, particularly 
in situations where natural sources of calcium, such as 
dairy foods, are not accessible due to economic, cultural, or 
dietary reasons [6]. Here, the current research aims to 
assess the calcium level in a new food cocktail produced by 
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mixing two forti�ed foods: calcium-enriched biscuits and 
dry milk powder from the market. These products not only 
possess a shelf life and are economically priced but are also 
widely used in both urban and rural environments. By 
measuring the overall calcium content of this composite 
blend, the investigation hopes to offer empirical data on 
the e�cacy of such forti�ed blends in increasing dietary 
calcium ingestion. These foods were favorite in a different 
study [7] and were employed in randomized controlled trial 
for the doctoral thesis research of the �rst author. The 
analytic method used in this research is Atomic Absorption 
Spectroscopy (AAS), an established method known for its 
sensitivity, speci�city, and precision in trace element 
analysis [8]. AAS enables accurate quantitation of calcium 
in food matrices of high complexity, hence enabling a 
faithful assessment of nutritional value. Findings from this 
study could add important information to food forti�cation 
strategies and inform the design of evidence-based 
nutritional interventions targeting the prevention of health 
hazards due to calcium de�ciency.
This study aims to determine the calcium content of a 
forti�ed food cocktail containing calcium-forti�ed biscuits 
and commercial dry milk powder by using Atomic 
Absorption Spectroscopy (AAS) as the analytical tool

The chemicals and materials utilized included Nitric acid 

(HNO₃, 65% Served as the main oxidizing agent used to 

break down organic materials in the digestion; Perchloric 

acid (HClO₄), 70%; used to �nish the digestion process and 

eliminate any remaining organic residues); Calcium 

standard solutions (1000 ppm; obtained from a reputable 

supplier and diluted serially to get working standards 

between 1 ppm and 10 ppm for the calibration of Atomic 

Absorption Spectrophotometer. Deionized water was 

employed for dilution, washing, and reagent preparation 

during the experimental process to prevent contamination 

with trace minerals. The glassware was soaked in 10% nitric 

acid overnight and rinsed with deionized water extensively 

before use to prevent interference from any residual 

calcium. For the extraction of calcium from the food 

matrix, a wet digestion procedure was used, which is 

popular for mineral analysis in foods. Roughly 2 g of the 

homogenized food mixture was precisely weighed and 

placed into a fresh 100 mL digestion �ask. The sample was 

�rst treated with 5 mL of concentrated nitric acid and hot-

plate heating under a fume hood until brown fume 

formation ceased and the solution turned light yellow, 

indicating initial oxidation of organic material. After this, 2 

mL of perchloric acid was added slowly to intensify the 

digestion process. The solution was heated further until 

the solution became clear and almost dry, indicating 

complete breakdown of organic materials. The cooled 

digested sample was subsequently mixed with deionized 

water and �ltered through Whatman No. 42 �lter paper into 

a 50 mL volumetric �ask. The �ltrate was diluted to volume 

using deionized water and placed in acid-washed 

polyethene bottles for further analysis. Atomic Absorption 

Spectrophotometric (AAS) Analysis: Calcium quantitation 

of the digested samples was done by an Atomic Absorption 

Spectrophotometer (for example, PerkinElmer Analyst 

400). The analysis was conducted under the following 

optimized instrumental conditions: Wavelength: 422.7 nm 

(calculated for calcium absorption) Radiation Source: 

Calcium hollow cathode lamp Flame Type: Air-acetylene 

�ame Slit Width: 0.7 nm (optimized for maximum 

sensitivity and resolution) The instrument was calibrated 

with a set of standards of calcium ranging from 1 ppm to 10 

ppm, which were prepared by serial dilution of the 1000 

ppm stock solution. A blank and a quality control standard 

were run with every batch of samples to ascertain the 

accuracy and reliability of results. Every sample was tested 

in triplicate, and the mean calcium concentration was 

determined. A nutrient calculation method was used with 

the Pakistan Food Composition Tables (PFCT, 2021) to 

estimate the calcium content of the milk and biscuit 

samples. Each ingredient, wheat �our, milk powder, sugar, 

and water used in the biscuit recipe, was listed along with 
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M E T H O D S

One brand of calcium-forti�ed biscuits (Biscuit A), 

commercially available for this study, one placebo biscuit 

type of the same shape, color and taste of as biscuit A 

(Biscuit B) and one type of each powdered Calcium-

forti�ed dry-milk (Milk A) and non-forti�ed (Milk B) were 

chosen based on popularity and availability in the local 

market [8]. As researchers were also interested in the 

calcium content analysis of the ingredients of forti�ed 

biscuits, the study analyzed the calcium contents of the 

individual main ingredients of the biscuits that included 

wheat �our, dry milk, white sugar, and water. These 

ingredients are given on the label of the biscuits. The milk 

powder, biscuits and individual ingredients samples were 

tested for shelf life and kept at room temperature until 

analyzed. To maintain uniformity and mimic normal 

consumption habits, equal weights of each biscuit type 

(50g) and dry milk powder (50g) were separately weighed 

with an analytical balance. The individual components were 

separately ground into a �ne powder with a clean, dry 

pestle and mortar to achieve a homogeneous mixture. The 

powdered samples were mixed well to form a consistent 

food cocktail that is a practical, forti�ed dietary mix. The 

homogenized mixture was kept in food-grade polyethene 

containers that were airtight at ambient temperature to 

prevent moisture uptake and contamination before 

analysis. All reagents for the analytical procedure were of 

analytical grade to guarantee accuracy and reproducibility. 
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how much of each was used in 100 grams of the �nished 

product. These steps were used: 1) Quanti�cation of 

Ingredients: Using the standardized recipe, the amount of 

each ingredient (in grams) that went into a 100-gram 

portion of the �nished biscuit was calculated; 2) Calcium 

Value Extraction: Each ingredient's calcium concentration 

(mg/100g) was taken straight from the PFCT; 3) Weighted 

Contribution Calculation: Each ingredient's unique calcium 

contribution was calculated by multiplying its calcium 

concentration by its proportion in the formulation; 4) 

Estimate of Total Calcium: The �nal biscuit or milk sample's 

estimated total calcium content (mg/100g) was calculated 

by adding the calcium contributions from each ingredient; 

5) Validation: To con�rm the estimation, these computed 

values were subsequently contrasted with experimentally 

observed values acquired through the use of AAS. The 

results were presented as milligrams of calcium per 100 

grams of the sample (mg/100g). IBM SPSS Statistics was 

used to enter and analyze all of the data. For calcium 

content estimated from composition tables and 

d e t e r m i n e d  b y  A A S ,  d e s c r i p t i v e  s t a t i s t i c s 

(mean ± standard deviation) were computed. The Shapiro-

Wilk test was used to verify that the data distribution was 

normal. A paired sample t-test was used to assess the 

differences between the two measurement techniques 

(calculated vs. AAS). Additionally, Pearson's correlation 

coe�cient (r) was used to evaluate how well the two 

approaches agreed. To illustrate the consistency, a scatter 

plot featuring a line of identity was created. All graphs were 

created using Microsoft Excel, where applicable. The 

threshold for statistical signi�cance was p<0.05.

The quantitative detection of calcium content by Atomic 
Absorption Spectroscopy (AAS) showed signi�cant 
variations in calcium levels between the food samples 
under test. Biscuit A (calcium forti�ed biscuits) was found 
to have a mean calcium content of 420 ± 15 mg/100g, 
representing a moderate degree of forti�cation. This result 
is in line with the manufacturer's label claims and con�rms 
the convenience of biscuits as an alternate source of 
supplemental calcium. Biscuit B (calcium unforti�ed 
biscuit), which was of similar composition, recorded a 
comparatively lower calcium level of 35 ± 18 mg/100g. The 
disparity between the two brands can be explained by 
differences in formulation, processing methods, or 
forti�cation levels. Dry milk (calcium forti�ed) had the 
highest calcium content among the individual ingredients, 
with an average of 850 ± 22 mg/100g. The �nding is in 
agreement with current nutritional information on dried 
milk, which is well documented to be a concentrated 
source of bioavailable calcium because of its dairy 
background. The cocktail, being a mixture of equal 

Table 1: Mean Calcium Content in Samples (mg/100g)

Biscuit Calcium forti�ed biscuit; Biscuit Calcium un-forti�ed 

biscuit; Dry Milk calcium forti�ed milk; A=calcium unforti�ed milk; 

Cocktail (Mixed)=equal ratio by weight of Dry Milk A and Biscuit A

Atomic Absorption Spectroscopy (AAS) was used to 

compare the experimentally obtained calcium content 

with the calcium content calculated from the constituents 

of the milk samples and forti�ed cookies. To evaluate the 

difference between the two sets of values, a paired sample 

t-test was used. While the AAS-determined values were 

245 ± 12.4 mg/100g and 850 ± 13.8 mg/100g, respectively, 

the mean calculated calcium content for biscuits was 255 ± 

10.2 mg/100g, and for milk, it was 810 ± 15.5 mg/100g. The 

variations between the theoretical and analytical calcium 

values were not statistically signi�cant (milk: t (4) =0.96, 

p=0.39; biscuits: t (4) = 1.21, p=0.29), indicating high 

agreement between the two methods of calcium analysis 

(Table 2).
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amounts of Biscuit A and dry milk, contained a mean 
calcium value of 545 ± 19 mg/100g. This intermediate result 
is  an indication of  di lut ion of  dr y  mi lk 's  higher 
concentrations of calcium by the proportionally lower 
concentrations present in the biscuits. Notably, the 
standard deviation indicates excellent consistency in the 
analytical measurement. The calcium content of the mixed 
sample, being higher than 500 mg per 100 g, is substantial in 
dietar y terms. It  is  well  over 50% of WHO/FAO-
recommended Daily Allowance for calcium in teenagers 
and adults (1000–1300 mg/day). This result highlights the 
cocktail as an effective dietary supplement, particularly 
among individuals at risk for calcium de�ciency. The 
accuracy of the values, as re�ected by low standard 
deviations, con�rms the reliability and reproducibility of 
the AAS technique used. This also adds more strength to 
the validity of the results from the study and con�rms the 
appropriateness of AAS in determining mineral content of 
intricate food matrices (Table 1).

Sample Description Mean Calcium (mg/100g)

Biscuit A

Biscuit B

Dry Milk A

Dry Milk B

Cocktail (Mixed)

245

35

850

34

545

Table 2: Comparison of the Calcium Contents of Biscuits 

Calculated and Measured by AAS

Samples
Calcium  (mg
/ 100g) – AAS

Mean 
Difference

t-
Value

p-
Value

Calcium  (mg/
100g)–Calculated

Biscuits

Forti�ed Milk

255 245

850

10

40

1.21

0.96

0.29

0.39810

Note: Values represent mean ± standard deviation (n=5). Paired 

sample t-test was used to compare calculated and measured 
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calcium values, and p<0.05 was used for comparison. *Calcium 

content calculation based on Pakistan Food Composition.

The �ndings of this research are useful in understanding 

the calcium content of commercially purchased forti�ed 

food items and their overall nutritional potential. The mean 

calcium content of the dry milk sample is 850 ± 22 mg/100g, 

which is comparable to published values for whole milk 

powder, which range from 800 to 900 mg/100g based on 

processing and origin [9]. This rea�rms the credibility of 

the source and identi�es powdered milk as an effective and 

available source of dietary calcium, especially among 

groups with poor access to fresh dairy. The forti�ed 

biscuits, Biscuit A (245 ± 15 mg/100g), also exhibited 

signi�cant calcium content, a�rming the claims of 

manufacturers' forti�cation. These �ndings a�rm the 

e�cacy of food forti�cation methods utilized by the 

industry and highlight the increasing importance of snack 

foods as nutritional supplements. While biscuits are not 

conventionally thought of as being particularly mineral-

rich, forti�cation has the potential to greatly improve their 

health value without having any effect on consumer 

behaviour or dietary habits [10, 11]. The mix of the cocktail, 

prepared by mixing equivalent ratios of dry milk with the 

forti�ed biscuit (Biscuit A), resulted in an intermediate 

content of calcium of 545 ± 19 mg/100g. This is nutritionally 

signi�cant in that it delivers more than 50% of the 

Recommended Daily Allowance (RDA) for calcium in both 

adults and children with only a serving of 100 g. For 

WHO/FAO and other global nutritional recommendations, 

RDA for calcium ranges from 1000 mg/day in adults to 1300 

mg/day in adolescents, depending on physiological status 

and age [12]. The reality that so much of the RDA can be 

covered by a straightforward, shelf-stable, and simple-to-

prepare food cocktail highlights the promise of these types 

of combinations within public health nutrition efforts, 

particularly within low-resource environments or school 

feeding programs. Analytically, the utilization of Atomic 

Absorption Spectroscopy (AAS) was extremely useful [13]. 

While a recent study [14] reported values ranging from 450 

to 777 mg/100 g utilizing AAS, our milk forti�cation result of 

800 mg/100 g compares favorably, indicating that our 

forti�cation protocol provides upper-tier performance. 

The calcium amount of our milk sample, 800 mg/100 g, is 

somewhat over this top range, indicating either a naturally 

high calcium content or e�cient forti�cation. The forti�ed 

biscuit sample's calcium content (250 mg/100 g) is in good 

agreement with both experimental and practical forti�ed 

food formulations. Compared to ordinary commercial or 

unforti�ed biscuits, which frequently include less than 30 

mg of calcium per 100 g, this �gure represents a 

D I S C U S S I O N

Figure 1: Comparison Between Calcium Content Estimated and 
Measured by AAS
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This agreement between the two methods is further 

explained in Figure 1, where a scatter plot of the observed 

AAS values and the estimated calcium content is displayed. 

Perfect agreement (y = x) is indicated by the red dashed line. 

High consistency between the two approaches is 

con�rmed by the close clustering of points around the line 

(Figure 1).
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Additionally, the calcium contents of the individual 

ingredients used in the biscuit formulation—including �our, 

sugar, milk powder, and water—were determined 

separately using Atomic Absorption Spectroscopy (AAS). 

When the calcium contributions of these ingredients were 

summed based on their respective proportions in the 

recipe, the total estimated calcium content of the 

ingredients (250.6 mg) closely matched the calcium 

content measured in the �nal baked biscuit product (245 

mg). This comparability suggests minimal calcium loss 

during baking and supports the validity of the formulation-

based estimation approach (Table 3).

Table 3: Comparison of Calcium Content of Individual Biscuit 

Ingredients and Forti�ed Biscuit

Ingredient
Amount  
Used (g)

Calcium 
Content by AAS

 (mg/100g)

Calcium  
Contribution 

(mg)

Wheat Flour

Sugar

Milk Powder

Water

Added Calcium as Calcium 
Carbonate

Total (Estimated)

Final Biscuit (AAS)

60

20

15

5

1.5

—

100

105

10

850

2

3900

—

245

63

02

127

0.1

58.5

250.6

245

Note: Ingredients are what are given on the label of biscuits. The 

calcium content of the ingredients of the biscuits was determined 

using Atomic Absorption Spectroscopy (AAS). All values are based 

on per 100g of �nal product.
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nutritionally substantial improvement [15]. In a study [16], 

atomic absorption spectroscopy (AAS) revealed that 

cookies enriched with calcium produced from eggshells 

had calcium levels ranging from 146.4 to 479.9 mg/100 g. 

The effectiveness and usefulness of the selected 

forti�cation strategy are supported by the midrange value 

obtained in the current investigation, which falls within this 

range. The Bangladeshi school food program trial provides 

additional data, since government-forti�ed biscuits were 

created to have a calcium content of 212.5 to 287.5 mg per 

100 g [17]. The current sample's calcium content (250 

mg/100 g) is directly comparable to this national norm, 

suggesting that it  might be used in comparable 

community-based or school-based nutrition programs. A 

2023 investigation on multi-millet biscuits forti�ed with 

calcium via ICP-OES revealed the viability of creating high-

calcium biscuit formulations with improved nutritional 

pro�les, even though precise calcium values were not 

made public [14]. Collectively, these results validate that 

the calcium level  attained in this study is  both 

commensurate with levels utilized in evidence-based 

dietary supplementation techniques and nutritionally 

signi�cant. This lends credence to the idea that forti�ed 

biscuits can be a useful way to supply calcium through the 

diet, particularly for people who have limited access to 

dairy or traditional supplements [18]. The method of AAS 

showed very high precision and reproducibility, as 

evidenced by the low standard deviations found over 

triplicate analyses (data not shown). AAS has some 

signi�cant advantages over conventional colorimetric 

techniques for the determination of calcium. It gives 

superior speci�city, with minimal risk of interference due 

to other divalent ions or food matrix constituents. In 

contrast to colorimetric assays, which may involve 

intricate sample pre-treatment or be affected by matrix 

effects, AAS enables direct determination of calcium ions 

with high accuracy and little error and is therefore a method 

of choice in trace mineral analysis. In general, the results 

con�rm both the nutritional quality of the forti�ed foods 

and the analytical strength of AAS as an evaluation tool for 

mineral content. This research maintains that strategic 

food forti�cation, under the direction of credible analytical 

monitoring, can provide a sustainable and e�cient 

solution to �ght micronutrient de�ciencies [19]. Both 

compositional calculations (based on the Pakistan Food 

Composition Tables) and actual measurements using 

Atomic Absorption Spectroscopy (AAS) were used to 

determine the calcium content of biscuits and forti�ed 

milk. For every product, the two approaches were 

compared using a paired sample t-test. There was a non-

signi�cant mean difference of 5.0 mg/100g between the 

Food forti�cation is effective method of enhancing food 

quality and calcium forti�ed biscuits and dry milk samples 

analyzed in this study have calcium level enough to be 

considered for clinical trials as calcium-forti�ed dietary 

interventions, particularly in nutritionally at-risk groups 

including preadolescent and adolescent girls.
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measured and calculated calcium contents for biscuits, 

which were 245 ± 12.4 mg/100g and 255 ± 10.2 mg/100g, 

respectively (t (4) = 1.21, p=0.29). Likewise, the calcium 

content of forti�ed milk was 810 ± 15.5 mg/100g, compared 

to 800 ± 13.8 mg/100g as determined by AAS, resulting in a 

mean difference of 10.0 mg/100g (t (4) = 0.96, p=0.39). 

Furthermore, the total calcium content of the individual 

biscuit ingredients (�our, sugar, milk powder, and water), 

each ascertained by AAS, produced a value that closely 

matched the calcium concentration in the composite 

biscuit product, indicating minimal calcium degradation 

during baking and con�rming the accuracy of the 

compositional estimation and the analytical process [16]. 

The present research results have greater implications for 

clinical and community nutrition. Calcium de�ciency is a 

widespread nutritional problem in Pakistan [17, 18], 

particularly in the marginalized poor rural communities. 

The main reason for calcium de�ciencies is low intake of 

foods high in calcium contents [19]. Food forti�cation is a 

p r o m i s i n g  t e c h n i q u e  a n d  s t r a t e g y  t o  a d d r e s s 

micronutrient de�ciencies [20], including calcium 

de�ciency. There is an urgent need for feeding trials to 

investigate what particular foods can be used as carriers of 

micronutrients [21, 22]. Future research should focus on 

calcium foods about calcium de�ciency disorders, bone-

related disorders, in particular.
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